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Abstract
Objectives I ntraductal papillary mucinous neoplasms 
(IPMNs) are pancreatic cysts that can progress to invasive 
pancreatic cancer. Associations between oncogenesis 
and oral microbiome alterations have been reported. 
This study aims to investigate a potential intracystic 
pancreatic microbiome in a pancreatic cystic neoplasm 
(PCN) surgery patient cohort.
Design  Paired cyst fluid and plasma were collected at 
pancreatic surgery from patients with suspected PCN 
(n=105). Quantitative and qualitative assessment of 
bacterial DNA by qPCR, PacBio sequencing (n=35), and 
interleukin (IL)-1β quantification was performed. The 
data were correlated to diagnosis, lesion severity and 
clinical and laboratory profile, including proton-pump 
inhibitor (PPI) usage and history of invasive endoscopy 
procedures.
Results I ntracystic bacterial 16S DNA copy number 
and IL-1β protein quantity were significantly higher 
in IPMN with high-grade dysplasia and IPMN with 
cancer compared with non-IPMN PCNs. Despite 
high interpersonal variation of intracystic microbiota 
composition, bacterial network and linear discriminant 
analysis effect size analyses demonstrated co-occurrence 
and enrichment of oral bacterial taxa including 
Fusobacterium nucleatum and Granulicatella adiacens 
in cyst fluid from IPMN with high-grade dysplasia. The 
elevated intracystic bacterial DNA is associated with, 
but not limited to, prior exposure to invasive endoscopic 
procedures, and is independent from use of PPI and 
antibiotics.
Conclusions C ollectively, these findings warrant further 
investigation into the role of oral bacteria in cystic 
precursors to pancreatic cancer and have added values 
on the aetiopathology as well as the management of 
pancreatic cysts.

Introduction
Pancreatic cystic neoplasms (PCN) are increas-
ingly detected in the general population. They 
comprise a clinically challenging entity with poten-
tial to progress to invasive cancer.1 2 Among PCNs, 
intraductal papillary mucinous neoplasm (IPMN) 
are most common.3–5 IPMNs are pancreatic cysts 
of epithelial origin, characterised by malignant 
transformation from low-grade dysplasia (LGD) 
to high-grade dysplasia (HGD), and further to 
invasive carcinoma, following adenoma-carci-
noma sequence.5 6 IPMN can be an early detection 

marker of pancreatic cancer, but since the majority 
of suspected IPMNs are benign lesions or LGD, the 
treatment strategy is either conservative or surgical 
resection of the pancreas. Unfortunately, the preop-
erative prediction accuracy of PCN types, in partic-
ular the IPMN neoplastic grades, is still suboptimal, 
and the final diagnosis is usually revealed only after 
operation.1 5 7–9 

Much progress has been made to find molecular 
markers to support PCN differentiation diagnostics. 
Patients at higher risk of malignant progression10 11 
often show typical cyst features, for example, worri-
some features, abnormal cyst fluid cytology, serum 
carcinoembryogenic antigen levels, inflammatory 

Significance of this study

What is already known on this subject?
►► Intraductal papillary mucinous neoplasm 
(IPMN) is a pancreatic cystic tumour that 
displays various degrees of cellular dysplasia up 
to cancer.

►► Alterations in oral microbiome are associated 
with increased risk for the development of 
pancreatic cancer.

►► The microbiome in cancer tissue may enhance 
oncogenesis through local immune modulation.

What are the new findings?
►► Elevated pancreatic intracystic bacterial DNA 
and interleukin-1β correlate in synergy with 
IPMN and neoplastic grade.

►► Microbiome of pancreas cyst fluid display co-
occurrence and enrichment of oral bacterial 
species.

►► Elevated intracystic bacteria load in pancreas 
is associated but not limited to prior exposure 
to invasive endoscopic procedures, and is 
independent from use of proton-pump inhibitor 
and antibiotics.

How might it impact on clinical practice in the 
foreseeable future?

►► Intracystic bacterial DNA testing may have 
added values to guide the management of 
IPMN.

►► Reducing the pancreatic inflammatory 
microbiome may represent a potential 
therapeutic strategy for patients  with IPMN.
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cytokines or mutations in genes such as KRAS or GRAS.1 These 
findings have advanced the understanding of the oncogenic 
mechanisms of malignant transformation of PCNs, which is of 
importance for disease management and cancer prevention.

Novel findings suggest that cancerous pancreas tissues can 
have increased bacterial abundance compared with normal 
pancreas.12 This has a clinical impact as bacteria like Fusobacte-
rium species in cancerous tissues correlate with poor pancreatic 
cancer prognosis13 and intratumoural bacteria can metabolise 
the anticancer drug gemcitabine, thereby reducing therapeutic 
effects.14 Using endoscopic ultrasound fine-needle aspirated 
(EUS-FNA) pancreas cyst fluids, a retrospective study recently 
showed that cyst fluids from PCNs harbour a unique micro-
biome that is independent of cyst type, clinical or biochemical 
parameters.15 However, the EUS-FNA procedure collects a GI 
specimen through the mouth and oesophagus, posing a risk for 
sample contamination by oral and gut microbiota.

As an alternative to the EUS-FNA approach, we present here 
a prospective study based on cyst fluid and plasma samples 
collected on pancreatic resection for studying the pancreatic 
microbiome. A total of 105 PCN patients undergoing pancreatic 
resection with subsequent histologically validated diagnosis were 
included.

Methods
Ethical considerations
All study participants gave written informed consent prior to 
sample collection.

Study population and sample collection
Cyst fluid and peripheral blood liquid biopsies were collected 
at the day of surgery from 105 patients undergoing surgical 

pancreatectomy for suspected pancreatic cystic lesions based on 
preoperative diagnosis at the Karolinska University Hospital, 
Stockholm, Sweden. Clinical and laboratory data were extracted 
from electronic journals by clinical doctors. Directly after surgery, 
cyst fluid was aspirated from the resected pancreas and immedi-
ately stored at −80°C until further processing. Fasting venous 
blood was collected in K2 EDTA tubes (BD Vacutainer) and 
Ficoll Paque PLUS (GE Life Sciences) density gradient centrifu-
gation was performed according to manufacturers’ instructions 
to isolate the plasma fraction, which was frozen at −80°C until 
further analysis.

DNA extraction and microbiota analysis
Microbial DNA was isolated from cyst fluid and plasma using 
the ZymoBIOMICS DNA Miniprep Kit (Zymo Research, Irvine, 
California, USA) in a biological flow cabinet. DNA was isolated 
from formalin-fixed paraffin embedded (FFPE) pancreas tissue 
slices using the AllPrep DNA/RNA FFPE Kit (Qiagen, Sollen-
tuna, Sweden). Total bacterial 16S DNA gene copy number was 
quantified using TaqMan qPCR as previously described.16 Cyst 
fluid microbial composition and diversity was assessed by PacBio 
Single Molecule, real-time full-length 16S rRNA gene sequencing 
(GATC Biotech, Konstanz, Germany). All DNA samples were 
coded before sending to GATC without information that could 
reveal the sample classification.

Interleukin-1β and lipopolysaccharide quantification
The Human interleukin  (IL)-1β/IL-1F2 ELISA DuoSet (R&D 
Systems) was used to quantify plasma and cyst fluid IL-1β levels. 
The PyroGene Recombinant Factor C Endotoxin Detection 
Assay (Lonza, Falun, Sweden) was used to quantify bacterial 
lipopolysaccharide (LPS) in cyst fluid.

Table 1  Patient cohort clinical characteristics

Parameters
All subjects
(n=105)

Non-IPMN*
(n=21)

IPMN
(n=57)

Cancer
(n=27)

Gender (F:M) 59:46 20:1†‡ 29:28† 10:17‡

Age (years) median (range) 69 (30–84) 47†‡ (30–77) 71† (47–84) 71‡ (46–83)

BMI (kg/m2) median (range) 25.2 (18.1–40.4) 26.4 (20.4–37.1) 26.4 (18.1–40.4) 24.5 (20.2–30.2)

Smoking (%) 12.2 23.5 7.3 15.4

Alcohol (%) 34.8 29.4 32.7 42.3

Diabetes (%) 19.1 9.5 17.5 29.6

Proton-pump inhibitor use (%) 14.3 14.3 15.8 11.1

Preoperative diagnostic accuracy (%) n.a. 52.4† 94.7† 51.9

S-Ca 19–9 (kE/L) median (range)
Above normal§ (%)

12.0 (<1.0–4840)
33.3

9.9‡ (<1.0–62)
23.8‡

11.0 (<1.0–115)
19.3

94.0‡ (<1.0–4840)
70.4‡

Haemoglobin A1c (mmol/mol) median (range) 40.0 (15.1–80) 35.0‡ (30–80) 40.0 (28–72) 42.0‡ (15.1–67)

Amylase (µkat/L) median (range) 0.37 (<0.13–11.6) 0.38 (0.19–1.96) 0.39 (<0.13–4.18) 0.27 (<0.13–11.6)

Albumin (g/L) median (range) 36 (16–42) 38‡ (33–42) 37 (16–42) 33.5‡ (19–38)

Bilirubin (μmol/L) median (range) 6 (<3–315) 5‡ (<3–18) 6 (<3–315) 14‡ (4–277)

C reactive protein (mg/L) median (range) 2 (1–130) 2 (1–13) 1 (1–49) 4 (1–130)

Invasive endoscopic procedure (%) mean frequency (range) 38.1
 0.62 (0–7)

14.3‡
0.14 (0–1)‡

29.8
 0.51 (0–7)

74.1‡
1.2 (0–4)‡

Unicystic/multicystic (%) 52.0/48.0 80.0/20.0 36.8/63.2 64.0/26.0

Pairwise comparisons between the diagnosis groups were made using Fisher’s exact test (qualitative parameters) and Kruskal-Wallis test with Dunn’s multiple comparisons 
correction (quantitative variables).
Bold indicates statistical significance (p <0.05) in pairwise comparison.
*Non-IPMN group comprises MCN (n=9) and SCN (n=12).
†Indicates ‘non-IPMN cyst’ vs ‘IPMN’ p<0.05 (two-tailed).
‡Indicates ‘non-IPMN cyst’ vs ‘Cancer’ p<0.05 (two-tailed).
§Normal S-Ca 19–9<34 kE/L.
n.a., not applicable.
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A detailed description of subjects, histopathological diagnosis, 
assays, microbiota analysis and statistical methods can be found 
in the online supplementary material.

Results
Patient cohort overview and diagnose-based group 
comparisons
A total of 105 patients diagnosed with PCN undergoing pancre-
atectomy were studied. The final pancreas diagnoses on the 
resected tissue specimens indicated non-IPMN cysts (n=21) 
comprising mucinous cystic neoplasm (MCN) and serous cystic 
neoplasm (SCN), IPMN cysts (n=57) or IPMN cysts with 
invasive cancer (hereafter referred to as Cancer; n=27). This 
gives a preoperative diagnosis accuracy of 52.4%, 94.7% and 
51.9% for non-IPMN, IPMN and Cancer, respectively, based 
on comparison of preoperative clinical and radiology findings 
and postoperative histologically confirmed diagnosis (table 1). 
The non-IPMN group is on average younger and represented by 
more females than the IPMN and Cancer groups. Serum S-Ca 
19–9, haemoglobin A1c, albumin and bilirubin levels were also 
higher in Cancer compared with non-IPMN.

The intracystic bacterial DNA quantity is associated with 
cystic lesion severity
Paired cyst fluid and plasma were tested for the bacterial 16S 
gene copy number. Compared with non-IPMN, significantly 
higher bacterial DNA copies were found in the cyst fluid of 
IPMN (10.1-fold higher geometric mean, p=0.0042) and 
Cancer (11.4-fold higher geometric mean, p=0.0008), with 
a p-for-trend=0.0067. Likewise, the proportion of bacte-
rial DNA-positive cyst samples increased stepwise (χ2 test, 
p=0.0033) with cyst lesion severity—from 33.0% in non-IPMN 

to 59.6% in IPMN and 81.5% in Cancer (figure  1A). Similar 
increases were seen for the inflammatory marker IL-1β in cyst 
fluid when comparing non-IPMN against IPMN (p=0.029), and 
Cancer (p=0.0024) (figure 1B). The elevated amount of intra-
cystic bacterial DNA is accompanied by higher IL-1β levels in 
cyst fluid as shown by a positive Spearman's correlation (r=0.51, 
p<0.0001) (figure 1C). This appeared to be a local rather than 
systemic effect, as both 16S DNA and IL-1β were found to be 
very low in plasma in all groups (figure 1D–F), which is in line 
with the low circulatory C reactive protein levels found in these 
groups (table  1). In addition, the quantity of bacterial LPS is 
elevated in IPMN (p=0.049) and Cancer (p=0.013) compared 
with non-IPMN, and positively correlated to 16S DNA (r=0.58, 
p=0.0004) and IL-1β (r=0.44, p=0.0096) in cyst fluid samples 
(see online supplementary figure 1). Next, the IPMN group was 
further stratified into HGD or LGD according to the histopa-
thology evaluation. We found that cyst fluid from IPMN HGD 
harboured significantly higher 16S DNA copies (17.7-fold 
higher geometric mean, p=0.02) as well as IL-1β concentra-
tion (103.2-fold increase, p=0.0032) than that of IPMN LGD 
(figure 2A, B). Again, this effect was noted only in cyst fluid, and 
not in paired patient plasma.

Compositional analysis revealed a highly diverse PCN 
microbiome
The finding of the elevated bacterial DNA quantity in IPMN 
and Cancer compared with non-IPMN prompted us to inves-
tigate the composition of the bacterial DNA-positive cyst 
fluid samples. We asked whether the microbial composition 
might differ depending on the type of PCN and/or progres-
sion of disease. Full-length bacterial 16S rRNA genes were 
sequenced using PacBio technology. Due to DNA quantity 

Figure 1  Intracystic quantities of (A) bacterial 16S DNA and (B) IL-1β in 'non-IPMN' (n=21), 'IPMN' (n=57), 'IPMN Cancer' (n=27) patients, and 
in paired plasma (D, E) of 'non-IPMN' (n=10), 'IPMN' (n=15), 'IPMN Cancer' (n=7) patients. Dotted line indicates assay cut-off value. Geometric 
mean for 16S DNA and mean for IL-1β are indicated per each group. Spearman's correlation analysis on 16S DNA and IL-1β quantities in (C) cyst 
fluid and (F) plasma, displaying non-linear fit curve (solid line) and 95% CI (dashed line). Statistically significant differences were determined using 
Kruskal-Wallis test with Dunn’s multiple comparison test with *p<0.05, **p<0.01, ***p<0.001. IL, interleukin; IPMN, intraductal papillary mucinous 
neoplasm; LLD, lower limit of detection; n.d., not determined.
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and quality thresholds applied before and after construction 
of full-length 16S rRNA gene libraries, cyst fluid samples 
from 35 patients classified as IPMN LGD (n=14) or IPMN 
HGD (n=8) and Cancer (n=14) were subjected to micro-
biome analysis. We found that these three groups showed no 
significant differences for Chao1 richness, Shannon diversity 
or inverted Simpson’s indices at operational taxonomic unit 
(OTU) level (figure 3A–C). At phylum level, IPMN LGD was 
found to be rather homogeneously dominated by Proteo-
bacteria, while IPMN HGD and Cancer were generally 
more diverse with samples dominated by either Firmicutes 
or Proteobacteria (figure 3D). Relative abundance at genus 
level showed interpersonal variation in microbial compo-
sition, with no clear distinctive profile based on diagnosis 
group (figure 3E).

Network analysis shows co-abundance of oral pathogens
We noticed interpersonal variation in microbial communities of 
the cyst fluid even within the same diagnosis groups, as visual-
ised by a clustered heat map displaying Bray-Curtis dissimilarity 
at OTU level between individual samples. This dissimilarity was 
independent of factors such as recent antibiotic medication, 
proton-pump inhibitor (PPI) use and previous invasive endo-
scopic procedures (Figure 4A). The bacterial composition could 
not separate samples entirely according to their corresponding 
diagnosis, although overall IPMN HGD appeared to stand out, 
as shown in principal coordinates analysis (PCoA) plots based 
on OTU relative abundance showing the first four dimensions 
(figure  4B,  C). Indeed, non-parametric analysis of similarities 
analysis confirmed that the composition of IPMN HGD is unlike 
the other two groups (p=0.002 on 999 permutations).

Figure 2  Violin plot showing the distribution with median of (A) total bacterial 16S DNA in 'IPMN LGD' (n=45) and 'IPMN HGD' (n=14) and (B) 
IL-1β in 'IPMN LGD' (n=35) and 'IPMN HGD' (n=10) cyst fluid samples, determined by TaqMan qPCR and ELISA, respectively. Statistical comparisons 
between groups were made using Mann-Whitney U test with *p<0.05 and **p<0.01. Dotted line indicates assay cut-off value. HGD, high-grade 
dysplasia; IL, interleukin; IPMN, intraductal papillary mucinous neoplasm; LGD, low-grade dysplasia; LLD, lower limit of detection.

Figure 3  Box plot displaying (A) Chao1 richness (white), (B) Shannon entropy (light grey) and (C) inverted Simpson’s (dark grey) indices per 
diagnose group at operational taxonomic unit (OTU) level. Bar plots showing relative abundance of OTUs per sample at (D) phylum level and (E) 
genus level. HGD, high-grade dysplasia; IPMN, intraductal papillary mucinous neoplasm; LGD, low-grade dysplasia. 
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Stringent network analysis using five different metrics for 
similarity or dissimilarity was employed to gain deeper insight 
into the correlative bacterial populations at species level. Despite 
the apparent dissimilarity of microbial composition between 
all samples, the resulting network comprising 38 species show 
significant co-occurrence and antioccurrence (supported by ≥4 
methods, q<0.01). The oral pathogen Fusobacterium nucleatum 
co-occurred with 10 other species, including Serratia marcescens, 
Parvimonas micra, Prevotella melaninogenica, Haemophilus para-
haemolyticus, Streptococcus anginosus, Bergeyella sp. HMT322, 
Kluyvera ascorbata, Eikenella corrodens, Campylobacter 
concisus and Campylobacter showae, many of which are known 
oral species. Notably, Granulicatella adiacens co-occurred with 
another oral bacteria P. melaninogenica, while showing mutual 

exclusion with Streptococcus parasanguinis, Achromobacter 
xylosoxidans, Aerococcus  viridans, Moraxella osloensis, Delftia 
acidovorans and Sphingomonas sp. HMT004. The network also 
contains other oral species, such as Actinomyces odontolyticus, 
Porphyromonas pasteri and Gemella haemolysans (figure 4D).

Identification of bacterial biomarkers associated with disease 
severity
Linear discriminant analysis effect size analysis17 identified 15 
bacterial genera that were differentially abundant between the 
three diagnosis groups. IPMN HGD was highly enriched for 
the genera Granulicatella, Serratia and Fusobacterium, but low 
on Methylobacterium, Sphingomonas and Propionibacterium. 

Figure 4  Beta diversity between samples visualised by (A) clustered heatmap showing Bray-Curtis dissimilarity at OTU level for each sample, 
characterised horizontally by diagnose group and vertically by previous endoscopic procedures, PPI use and antibiotic medication <1 month prior 
to surgery. (B) PCoA spider plots displaying dimensions 1 and 2 and (C) dimensions 3 and 4. Samples are coloured according to final diagnose 
(yellow=IPMN LGD, orange=IPMN HGD, red=IPMN Cancer). (D) Bacterial co-occurrence and antioccurrence visualised in a network, with nodes 
representing bacterial species (coloured according to phylum, size corresponds to mean relative abundance) and edges representing interactions 
(green=co-occurrence, red=mutual exclusion) supported by >3 methods at statistical significance of q<0.01. HGD, high-grade dysplasia; IPMN, 
intraductal papillary mucinous neoplasm; LGD, low-grade dysplasia; PPI, proton-pump inhibitor.
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The latter three appeared more abundant in LGD and Cancer 
(figure 5A–G).

Because F. nucleatum is reported to associate with onco-
genesis,13 we validated the presence of F. nucleatum by a 
targeted qPCR assay on PCN cyst fluid samples (n=99), and 
confirmed the HGD group contained a highly increased F. 
nucleatum genome copy number in the cyst fluid (figure 5H). 
As F. nucleatum may also reside intracellularly, FFPE samples 
from a subset of 25 patients with PCN (see online  supple-
mentary table 1), validated to have  >40% tumour tissue 
content, were also tested using qPCR. This confirmed F. 
nucleatum detection predominantly in IPMN HGD and 
Cancer lesion tissues (figure 5I).

Correlation of intracystic bacterial DNA quantity and 
composition with clinical factors
Next, we examined the possible clinical factors that may affect 
bacterial DNA quantity in pancreatic cyst fluid. Correlation 
analysis was performed against documented antibiotic and PPI 
usage, or prior invasive endoscopic procedures (IEP) including 
EUS-FNA, endoscopic retrograde cholangiopancreatography 
(ERCP) and percutaneous transhepatic cholangiography (PTC), 
which may be potential routes of bacterial ‘seeding’ of the pancre-
atic ducts. Our result indicated that patients who had a history 
of IEP prior to surgery also had significantly elevated intracystic 
16S gene copies (p=0.0017) (figure 6A), although this appeared 
independent from the number of IEP, F. nucleatum genome 
copies or IL-1β concentration (figure 6B, C). Furthermore, when 
we stratified patients according to their history of IEP, the IPMN 
HGD and Cancer patients that never had prior IEP also had 
significantly higher intracystic bacterial 16S DNA (p=0.0268) 
compared with the SCN benign tumour group, similar to that 

observed for all patients in the current cohort (see online supple-
mentary figure 2A, B). This is supported by a comparable posi-
tive correlation between 16S DNA and IL-1β in patients with 
or without history of IEP procedures (see online supplementary 
figure 2C, D). Use of PPI, which has been linked to alterations in 
gut microbiota composition and increased risk of bacterial trans-
location and enteric infections,18 19 had no significant impact 
on the intracystic bacterial 16S DNA, IL-1β or F. nucleatum 
quantity (figure  6D–F). Neither the use of PPI or antibiotics, 
nor prior IEP associated with the intracystic microbial diversity 
(figure 4A), and no difference in alpha-diversity was observed 
between groups with or without IEP (not shown). Analysis using 
multivariate analysis by linear models (MaAsLin) showed no 
statistically significant associations between relative abundance 
of bacterial genera and clinical parameters, including history of 
IEP, use of PPI and use of antibiotics <1 month prior to surgery 
(not shown).

Discussion
In this prospective evaluation of pancreatic cyst fluid aspirated 
from surgically removed PCNs, we showed that intracystic 
bacterial DNA and IL-1β concentrations were significantly 
elevated in groups classified as IPMN and IPMN with invasive 
Cancer, as compared with other PCN types. Specifically, bacte-
rial DNA and IL-1β concentrations were significantly positively 
correlated intracystically but not in paired patient plasma, and 
were found to be highest among patients diagnosed with IPMN 
HGD. Of note, the non-IPMNs, which comprised SCN (benign) 
and MCN pancreas tumours, were low on bacterial DNA and 
IL-1β. This is of interest as in contrast to IPMN, they do not 
communicate with the pancreatic ductal system, which drains 

Figure 5  (A) Cladogram representing linear discriminant analysis effect size results which identified 15 features that are differentially abundant 
between the three diagnose classes (red=Cancer, orange=IPMN HGD, yellow=IPMN LGD). (B–G) Violin plot showing relative abundance distribution 
and median of selected differentially abundant bacterial genera per diagnose group. Validation of Fusobacterium nucleatum genome quantification 
by TaqMan qPCR in (H) cyst fluid and (I) DNA extracted from 25 formalin-fixed PCN tissue samples (non-IPMN n=9, IPMN LGD n=6, IPMN HGD n=4, 
Cancer n=6). Statistically significant differences were determined using Kruskal-Wallis test with Dunn’s multiple comparison test **p<0.01. HGD, 
high-grade dysplasia; IPMN, intraductal papillary mucinous neoplasm; LGD, low-grade dysplasia; PCN, pancreatic cystic neoplasm.
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and communicates with the gut. Our finding is in agreement 
with a previous study on pancreatic cyst fluid cytokines showing 
that IL-1β levels could discriminate between low-risk (IPMN 
LGD) and high-risk (IPMN HGD and Cancer) lesions.20 Release 
of the proinflammatory cytokine IL-β is known to be restricted 
to monocytes responding to pathogen-associated  molecular 
patterns (PAMPs). Microbial nucleic acids and cell-wall compo-
nents are an important group of IL-1β-stimulatory PAMPs 
which include microbial genomes, unmethylated CpG DNA 
motifs, LPS and peptidoglycan of Gram-positive/Gram-negative 
bacteria.21 The high intracystic IL-1β concentrations detected 
in IPMN HGD and Cancer groups, and their positive correla-
tions with the bacterial DNA and LPS levels, therefore indicate 
a role for the pancreatic cyst microbiome in modulation of the 
local tumour environment. This in turn suggests an inflamma-
tory potential of the pancreatic microbiome that is not related 
to systemic infections, as suggested by the paired blood plasma 
data.

Interestingly, the elevated intracystic bacterial DNA quantity 
appeared to associate with prior IEP when the entire cohort 
was examined. Because a selection bias might have occurred as 
patients with IPMN with more advanced or malignant lesions 
are likely to have undergone more invasive endoscopic proce-
dures, we stratified our cohort by previous IEPs. We found that 
patients in IPMN and Cancer groups who never underwent any 

invasive procedure of the pancreas in fact also show a higher 16S 
DNA load and IL-1β load in their pancreatic cyst fluid. Hence, 
current study cannot rule out that IEP (ERCP, PTC or EUS-FNA) 
pose a possible iatrogenic route of bacterial translocation into the 
pancreas. But, the fact that no clear difference could be observed 
in the intracystic bacterial DNA quantity and composition from 
patients with and without IEP, further supports that other routes 
of bacterial translocation may exist.

Our network analysis showed that the intracystic pancreas 
microbiome harboured co-occurring bacterial species that are 
known to inhabit the human oral cavity, including G. adiacens, 
F. nucleatum, P. micra, E. corrodens, H. parahaemolyticus, A. 
odontolyticus, P. melaninogenica and Campylobacter ssp.22 
Several of these species are found in biofilms that cause peri-
odontitis and gingivitis and are also connected with increased 
risk for systemic disease.23 The presence of bacteria in PCN and 
pancreatic cancer (PC) tissue has been demonstrated before.12 14 15 
Although it was recently shown that an abundant pancreatic 
microbiome may drive disease progression in PC by inducing 
intratumoural immune suppression,12 this is the first time bacte-
rial DNA quantity was found to correlate with the neoplastic 
grade severity of IPMN. Transition from low-risk IPMN LGD 
to high-risk IPMN HGD with increased bacterial presence or 
an altered microbial community and subsequent immune signal-
ling has not been reported to our knowledge and deserves to be 

Figure 6  Patient stratification based on previous pancreatic invasive procedures (IEP), classified as 'no' (n=65) and 'yes' (n=40), comprising those 
with '1' IEP (n=26) and '≥2' (n=14), or use of proton-pump inhibitors (PPI), classified as 'no' (n=90) and 'yes' (n=15). Panels display intracystic (A) 
16S DNA quantities, (B) interleukin (IL)-1β quantity and (C) Fusobacterium nucleatum genome copies, with the geometric mean value indicated per 
group stratified on IEP, and intracystic (D) 16S DNA quantities, (E) IL-1β quantity and (F) F. nucleatum genome copies, with the geometric mean value 
indicated per group stratified on PPI use. Statistically significant differences between 'no' and 'yes' groups, and '1' and '≥2' groups, respectively, were 
determined using Mann-Whitney U test, with **p<0.01. LLD, lower limit of detection; ns, not significant.
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further investigated. The present finding that high abundance 
of F. nucleatum was seen in both cyst fluid and tissues of HGD 
is in line with F. nucleatum being recognised as an onco-bacte-
rium24 and more research should focus on elucidating its early 
involvement in tumourogenesis. Beyond this point, the pancre-
atic tumour microenvironment is known to be possess hypoxic 
and immunosuppressive properties, supporting the preferential 
growth of anaerobic bacteria, such as F. nucleatum, as reported 
in colorectal cancer.25 26

Oral pathogens and inflammation (periodontitis) have been 
linked to increased risk for PC, mainly through association 
studies with pancreatic cancer incidence and salivary microbiota 
composition or seroprevalence of Porphyromonas gingivalis anti-
bodies.27–30 Specifically, oral carriage of P. gingivalis, and Aggrega-
tibacter actinomycetemcomitans, as well as circulating antibodies 
against P. gingivalis were associated with a higher risk of PC. A 
recent meta-analysis concluded that there is a general positive 
association between periodontitis and PC, even after adjusting 
for common risk factors.31 In addition, gut microbiota dysbiosis, 
bacterial translocation and inflammation have been linked with 
several pancreatic disorders, including PC.32 Increased levels of 
salivary G. adiacens were shown to be associated with pancre-
atitis and PC compared with healthy individuals.33 In line with 
these findings, the intracystic microbiome we describe comprises 
several co-occurring bacterial species, such as F. nucleatum, C. 
showae, P. melaninogenica, G. adiacens and Haemophilus para-
influenzae, which have previously been linked with other human 
malignancies.34–36 Possible explanations to why the pancreatic 
cyst microbiome comprises oral bacterial species deserve to be 
investigated, including functional similarities shared by pancreas 
and salivary glands,37 possibly creating a biological environment 
attractive to similar types of microorganisms.

Our study demonstrates that distinct bacterial communities 
can exist in cyst fluid from IPMN with LGD, HGD and IPMN 
Cancer. While these disease groups show markedly different 
microbial compositions at the phylum level, at lower taxo-
nomic levels high interpersonal variation in community struc-
ture becomes clear. This is in contrast to a previously reported 
pancreatic ‘core microbiome’ across different types of PCN, 
including MCN and SCN, by Li et al,15 although similar bacterial 
taxa were detected in our samples despite our different techno-
logical approach. Notwithstanding high interpersonal variation 
and our relatively small sample size, our results show enrichment 
of Fusobacteria, Granulicatella and Serratia in IPMN HGD, and 
warrant further investigation into the potential role of these oral 
bacteria in the progression of cyst precursors to PC.

A strength of this study is that postresection aspirated cyst 
fluid was collected in combination with histologically confirmed 
diagnosis, limiting the risk of sample contamination through 
endoscopic probing while maximising diagnostic accuracy. 
Furthermore, well-controlled and standardised procedures were 
applied for liquid biopsy collection and storage. A limitation in 
our current study is that only one cyst was sampled per patient, 
while IPMN can be of unifocal or multifocal nature with inde-
pendently arising cysts that may contain different grades of 
dysplasia and varying malignant potential.2 38 39 As histological 
examination considers the whole resection specimen, the actual 
sampled cyst may not be fully representative for the multifocal 
type of IPMN. Preliminary data from our laboratory suggest a 
similar microbial profile in fluid taken from separate pancreatic 
locations in the same patient (n=2; unpublished observation), 
however future studies of microbiome compositional variation 
in the pancreatic ductal system should be considered. In addi-
tion, bacterial DNA quantity and quality obtained from cyst 

fluid and plasma were generally low, and therefore susceptible 
to environmental contaminations in assays such as qPCR and 
amplicon sequencing-based microbial composition analyses.40 
To address this concern, we applied stringent DNA quantity and 
quality filters while maintaining sufficient sample numbers to 
allow for statistical analyses, as well as using appropriate nega-
tive controls that were analysed in parallel. Nevertheless, for 
an absolute optimal correlation between relative abundance of 
specific bacterial taxa and disease parameters, larger sample size 
and samples taken from multiple sites are needed to prove if 
different disease-specific intracystic microbiomes exist. Based on 
our present microbiota data, we estimate a sample size of >70 
per patient group would be needed to reach a power of 0.8.

Our result may have an impact on clinical practice in the fore-
seeable future. First, additional means to reduce systemic dissem-
ination of oral pathobionts in patients diagnosed with IPMN 
should be recommended, for instance, invasive endoscopy could 
be performed with minimal oral bacteria carryover, by infec-
tion control using local oral antiseptics and/or regular oral care. 
Second, employing salivary biomarker detection or serology29 33 
of the bacteria identified in current study could pave ways to 
IPMN discrimination from other cystic lesions of the pancreas 
to reduce unnecessary surgeries. This is of particular importance 
and may balance current problems with overtreatment of IPMN 
and the same time prevent potential durable changes of pancre-
atic microbiome that could contribute to cell transformation and 
future PC resistance to chemotherapy.14

Furthermore, pancreatic cystic microbiome testing could 
have added values in guiding the management of IPMN, espe-
cially during follow-up, as IPMN recurrence is possible 5–10 
years after resection. Further investigation is needed to assess 
whether high bacterial loads and inflammation in the postop-
erative pancreas are associated with increased risk of IPMN 
recurrence. This may lead to further improvement of the 
disease-free survival after resection, which at present for LGD 
is 5.4%–10%; 52 months, and for HGD/cancer in patients with 
IPMN is >50%; 29 months.1 Of note, DNA testing (16S and/or 
targeted oral bacteria multiplex) is very rapid, that is, 2–3 hours, 
compared with traditional histopathology which takes weeks, 
and may better support an effective and timely decision.

However, there are important considerations if microbiome 
testing is to become fully applicable to clinical practice. First, 
stringent laboratory quality control measures to prevent envi-
ronmental contamination need be in place to ensure sequencing 
accuracy and data reliability. In addition, a pancreatic micro-
biome database and/or multicentre study which includes a 
substantial number of well-described patients may allow the 
detection of a ‘core’ pathobiont group hiding behind variations 
in the current cohort.27 29 30

Much work remains to be done in order to better understand 
the disease progression in various PCNs.1 The findings presented 
in this study might not directly lead to clinical applicability using 
the intracystic microbiota as a ‘predictive tool for malignancy’, 
but they might change the way clinicians think about the largely 
ignored role of microbes in PCN development and progres-
sion. Experimental (intervention) studies will be important to 
elucidate whether bacteria identified here have a driving role in 
IPMN progression, and if so, whether an antibiotic treatment 
in patients affected by IPMNs will be an important option to 
reduce the risk of progression to malignancy in the near future. 
The impact of pancreatic invasive endoscopic procedures as a 
potential iatrogenic route of bacterial translocation deserves to 
be further investigated with regard to tumour recurrence and 
progression.
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